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1416 Ninth Sucet, Sustz 1155
Sacramento, Califoania 25814

1e. CAI FEI} RFP, 1997 Category 111, Ecosystem Restormtion Frojects and Programs

Dear Sir, .

[ am submittng two "Ingary Submattals™ for review. The proposed projects are in response
to the CALFED RFP, 1397 Categoiy Iil, Ecosysterm Restoration Projocts atd Programa 1 believe
that both projects fit with the criteria cuifined w 1he RFF and iatend on submitiing full prapasals to
CALFED during your next funding, cycde. [ wonld appreciate any commens you bave with nespect
10 improving of focusang the scope of ench proposa

Suncerey,

P, Olefoane

Murk 5. Okihiro

address: YMAPC
Vniversity of Califormia at Davis
Daas, California 95616

hooe’ (S16) 752-2516

o (G16a) 752-9692

c-mail msokibirogiucdavis. sdu
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"I.' Exe:uuve Suummjr

_Prmect Tllig: . Developmental Effects and Biomarker Expression in .
' ' . Early Life Stages of Four Native Fish Species
:.(ell_monk galmon, rainhow trowi, detta smelt, and white sturgeon)
" as Ecological Indicators of Pesticide asd Metal Exposure

Principe Investigators;  Matk §_ Okiliro, DVM, PhD_ (PD)
L . David E. Hinton, Ph.D. (Co-PT)
Swee J. Teh, Ph.D. (Co-PI)

Pro]act Dﬂmpnnn and Primary Biological/Fcological Objectives: The primazy gmli of the
' proposed sindy is to assess thennpactofpashmdeandmetalmﬂtammamSnneaﬂyhfestagpsm
. of four fish species native to the Sacramento River and Delta. chinook salmon {(Oncorfy

' tshawvicha), Delta smelt (Hypomesus tremspacificus), tambow trowmt (Oncorkynchs mykiss), and |

- white sturgeon (Acipenser iransnonianus). While not on the priority list, rainbow troat and white
sturgeon were selected to serve as surrogates for stecthead trout and green sturgeot respectively.
ELS {embryos and laxvae) were chosen because of their greater conmteminant sensrivity, and a
biomarker approach selected in order to expand characterization of the contarninant response. To

- fially assess contaminand impact on ELS, we propose using gross pathology, histopathology, anc three
biochemical assays: metallothionein, acetyicholinesterase (AChE), and ethoxyresorufin-O-deethylase
(FROD). Biomarkers were selected for their utlity, sensitivity, and specificity. It is anticipated that

. the proposed suite of markers will allow for the development of specific "contaminant response

profiles" resulting in linkage of groups of bioeffects in ELS with specific sontaminant classes. 1n so -
 doing; we éxpect to accurately define tolerance limits for specific contaminants when exposed to ELS -

of native fish species. Specific objectives include: 1) 1o identify which ELS have the highest
sensitivity to specific metal and pesticide comtaminants; 2) to identify target organs, devélopmental
defects, histologic lesions, and bicchemical alterations associated with specific metals and pésticides;
* 3) to compare comaninant response based on species exposed, ELS exposed, and contaminam class;

" 4) 1o establish detailed "contarninant response profiles” for ELS of native fish species based on data .

gathered from laboratory exposures and to determine i "response profiles™ can be used to classify

contaminant laden field samples; 5) to compare the biomarker approach using ELS of native species

with ¢onvemtional EPA triple-species tests; and 6) to begin to establish an ELS contatninani: resp-nnse
. data hase which can be used to set specific water guality criteria relevant to native fish species.

Appmchf[‘aslmfﬁcheduk: In phase 1 {yr 1), ELS of the 4 native species (each species desiznated .

as & task) will be exposed under laboratory conditions to metal {copper and zine with sifmonids;
seleniym and cadminm with smelt and sturgeon) and pesticide (diazinon and molinate)} contaminants.

Larval exposures will be conducted from (-7 days post-hatch. Embryonic exposares will alsobe 7
days, but mmmber of exposures will vary based on length of embryonic development. In phase IT (yr

2), water sarmples will be collected from 6 field sites on the Sacramento River and Delta. -Tasks 5-8

in phase II are agrin designated by specics. Sclection of field sites ‘will be based on current and
_historic comtarminant and bioassay data, geographic location, and rainfall. Collection of ﬁelc water

. samples will be coordinated with the TICD Aquatic Toxicology Laboratory which has an ongoing .
" study to perforim EPA triple-species assays on water samples from the Sacramento River and Delta.
_ BLS of each species with the highest sensitivity (identified in phase I) will be exposed to fielk water .
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samples. The same suite of biomarkers will be assayed for in both phases Phase II results will be
compared with results from Phase I, as well as with results from EPA triple-species assays.

Justification: Although there has been extensive study of the Sacramento River and Delta, little
information is available with respect to contaminant effects on native fish species. Water Cuality
criteria exist, but are hased primarily on conventional FPA triple-species tests and there is no way of
knowing whether bioassay results utilizing fathead minnows (Pimephales promelas) are t to
native species. In addition, conventional bicassays (relying on lethality) provide minimal data with
respect 1o sublethal effects and contaminant specificity. The bicmarkers proposed by this study will
address both of these deficiencies. Siudies utilizing histopathelogy reveal that diazinon exposure to
embryonic medaka is associated with retinal necrosis, and that molinate induces CNS hemorrhage in

larval siriped bass. Metallothionein inducticon is specific for exposure to metal contaminants and -

ACHE inhibition correlates with nrganophﬂsphate exposure. While It does not provide soxecific
infosrmation with regard to latent mortslity, & biomarker approach utilizing a 7 day ELS exposure can
readily be substitited for comventional assays using fathead minnows, and will greatly improve the
sensitivity and specificity of the assay protocol. Finally, the development of “contamgnant response
profile” data base can be expanded as new contaminants enter the system and will allow regulatory
" agencies to set water quality criteria based on known effscts to BLS of native fish species

Budget Cosis; Tazks in phase I involve laboratory exposures and cost are dependent on mumber of”

ELS used: task 1) chinook satmon, 6 ELS ($180,461); task 2} mishow trout, 4 ELS ($143,264); task
3) Delta smelt, 3 ELS ($116,146); and task 4) white shrgeon, 2 ELS ($91,491), Phase L tasks
invglve field validation with cnly oms ELS assay and charges vary with expenses involved with
acquiring eges: task 5) chinook salmon ($102,527); task 6) rainbow trout ($102,527); task 7) Delta
smelt ($104,507); and task 8) white sturgeon ($104,507),

Applicani Qunllﬁnaimns. Dr. Olahire s a veteninanan with 20 years of laboratory and ficld
rese&:rdl experience, and extensive training in the fields of pathology, fish embryology, histology, and
carcinogenesis. Dr. Okihiro has performed histopathological analyses of larvat striped bass exposed
to molinate and thiobencarb, and has assisted in studies involving wild striped bass larvae and
evatuation of retinal lesions induced by diazinon exposure to medaka embryos. Dr. Teh haz a PhD
in the field of comparative pathology and exiensive experience with enzyme- angd
mmmunohistochemistry, fish patholopy, carcinopenesiz, and morphometry. Dr. Teh has conducted
preliminary experiments exposing ELS of delta smelt te diazinon. Dr. Hinten is a temurec UCD
faculty member with 28 years of experience in the fields of aquatic toxicology and carcinogenesis.
Dy, Hinton has overseen development of an AChE inhibition agsay for use with ELS of meda ca and
will provide guidance with respect to experimental design and inderpretation of data.

Data Evaluation: Prevalence and degree of biomarker response will be corvelated with species,
FELS, comanmnant type and concentration  The benefits and utility of "contanvinant response profiles”
generated in phase I will be further evaluated in year 2 when assays are conducted nsing water
samples collected from field sites Results from field validation biomarker assays will aso be
compared with EP A triple-species tesis conducted on duplicate samples.

Coordination with other Programs/Compatibility with CALFED objectives: Both phases of

the study will be coordinated with Dr. Doroshov's (UCD) efforts to culture and rear Delta smelt and
white sturgeon (supported in part by IEP). Both phases will also be coordinated with ongoing efforis
by the UCD Aquatic Toxicology Lab (sponsored by CVRWQUB) to assay sites on the Sacramento

River and Delia. The propoesed study will directly suppart CALFED's efforts fo monitor confammant -

- gffects on native fish and will provide a means of accurately assessing remediation efforts.
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L Execative Summary:

Project Title: Developmental Effects and Biomarker Expression in
: : Early Life Stages of Four Native Fish Species
(chinook sabmon, rainkow troat, delta smelt, and white stargeon)
" as Ecological Indicators of Pesticide and Metal Exposure

Principle Invesfigators:  Mark S. Okihire, DVM, PhD. (PD)
David E. Hinton, PhD. (Co-PT)
Swes I. Teh, Ph D. (Co-PE)

Project Description and Primary Bivlogical/Ecological Objectives: The prmary goal of the
proposed study is to assess the impact: of pesticide and metal contaminants on early life stages FLS)
of four fish species native to the Sacramento River and Delta: chinook salmon (Oncorfpnchus
tshawyichd), Delta smelt (Hypomesns transpacificus), rainbow trout (Orcorkynchus mykiss), and
white sturgeon {Acipenser transmormorus). While not on the priority Bst, rainbow tront and white
sturgeon were selected to serve as surrogates for steelhend trout and green sturgeon respectively.
ELS (embryos and larvac) were chosen becanse of their grester contaminant sensitivity, and a
biomarker approach selected in order to expand characterization of the contaminant response. To

fully assess conteminant impact on ELS, we propose using gross paihology, histopathology, anc three

biochemical assays: metallothionein, acetylcholinesterase (AChE), and ethoxyresorufin-O-deetiylase

- (EROD). Biomarkers wwere selected for their utility, sensitivity, and specificity. It is anticipated that
" the proposed suite of markers will allow for the development of specific "contaminant response
profiles" resuliing in inkage of proups of bioelTects iz ELS with specific comaminant classes. In so
doing., we expect to accurately define tolerance limits for specific comtaminamts when exposed to ELS
of native fish species. Specific objectives include: 1) to identify which ELS bave the highest
sensitivity to specific metal and pesticide comtaminants; 2) to identfy target crgans, developmental
defects, histologic lesions, and biochemical alterations associated with specific metals and pesticides;
3) to compare contaminart respense based on speces exposed, EI.S exposed, and contaminant class;
4) to establish detailed "contaminant response profiles” for ELS of native fish species based on data
gathered from laboratory expesures and to determine if "response profiles” can be used to c.assify
contaminant laden figld samples; 3) to compare the biomarker approach using ELS of native soecies
with conventional FPA triple-species tests; and 6) to begin to establish an E1.S contaminant response
data base which can be used to set specific water quality criteria relevant o native fish species.
Approach/Fasks/Scheduke: In phase I (yr 1), ELS of the 4 native species (each species designated
as a task) will be exposed under laboratory conditions to metal (copper and zinc with salmonids;

seleniym and cadmnmm with smelt and shurgeon) and pesticide (diazinon and molinate) contanunants,

Larval exposures will be conducted from 0-7 days post-batch. Embryenic exposures will be 7
" days, but mumber of exposures will vary based on length of embryonic development. In p IE (yr
7). water samples will be collected from 6 field sites on the Sacramento River and Delta. Tasks 5-8
in phase II are again designated by species. Selection of field sites will be based on current and
Iastoric contaminant and bioassay data, geographic location, and rainfall. Cellection of field water
samples will be coordinated with the UCD Aguatic Toxicology Laboratory which has an engoing
study to perform EPA friple-species assays on water samples from the Sacramento River and Delta.
ELS of each species with the highest sensitivity (ideniified in phase I) will be exposed to field water

Il —007537

|-007537



samiples. “The ‘same suite of biomarkers will be assayed for in both phases. Phase II resutts will be
compared with regults from Phase 1, ss well as with resulis from EPA triple-species assays.

Yustification: Although theére has been extensive study of the Sacramento River and Delta, fittle -

information is available with respect to contaminant effects on native fish species. ‘Water gquality
criteria exist, but are based primaily on conventional EPA triple-species tests and there is no way of

lmowing ‘whesher bioassay results utilizing fathead minnows (Pimephales promelas) are relevant to

native species. In addition, conventional bioassays (relying on lethality) provide minimal data with
- respect to sublethal éffects and contaminznt specificity. The biomarlcers proposed by this scy will
. address both of these deficiencies. Studies utilizing histopathology reveal that diazmon expose to

embryonic medaka is asgociated with retinal necrosis, and that molinate induces CNS hemorrhage in-

* larval striped bass. Metallothionein induction is specific for exposure to metal contaminarwg and
~ AChE inhibition correlates with organophosphate exposure. While it does not provide specific
iriformation with regard to latent motality, a biomarker approach ntilizing a 7 day ELS exposure can
readily be substinted for conventional assays using fathead mirmows, and will greatly improve the
sensitivity and spécificity of the assay protocol Finally, the development of "contaminant fesoonse

 profile" data base can be expanded as new comtaminants enter the system and will allow resALBtoIy
agencies to st water quality criteria based on known effects to ELS of native fish species.

Budget Costs: Tasks in phase [ involve laboratory exposures and cost are dependent on mmser of
ELS used: task 1) chinook salmon, 6 ELS ($£80,461); task 2) rainbow trout, 4 ELS ($143,264; task
3) Delta smelt, 3 ELS ($116,146); and task 4) white sturgeon, 2 ELS ($91,491). Phase I tasks

involve field validation with only ome ELS assay and chaiges vary with expenses involvec with -
- acquiring épgs: task 5) chincok salmon ($102,527); task 6) rainbow trout ($102,527); task 7) Delta

amelt ($104;507); and task 8) white sturgeon ($104,507).

_Apphicani Qualifications: Dr. Okihiro is a vetcrinarian with 20 yoars of laboratory and fiefd

research expetience, and extensive traming in the fields of pathology, fish embryology, histology, and
carcinogenesis. Dr. Okiliro has performed histopathological analyses of larval striped bass exposed
to molinatc and thiobencarb, and has assisted in studies involving wild striped bass larvae and
evaluation of retinal lesions induced by diazinon exposure to medaka embryos. Dr. Teh has a Ph.D
in the field of comparative pathology and cxtenstve experience with enzyme- and
immunohistochemistry, fish pathology, carcinogenesis, and morphometry. Dr. Teh bas -conc ncted

preliminary. experiments exposing ELS of delta smelt to diazinon. Dr. Hinton is a tenured UCD .
faculty member with 28 years of experience in the fields of aquatic toxdcology and carcinogenesis.
Dr. Hinton has overseen development of an AChE inhibition assay for use with ELS of meda ta and

will provide guidance with respect to expezimental design and imterpretation of data.. .
' Data Evaluation: Prevalence and degree of biomarker response will be correlated with species,
ELS, contatminant type and concentration. The benefits and utility of "contaminant response profiles™
. generated in phase I will be further evaluated in year 2 when assays are condncted using water
samples collected from field sites. Results from field validation biomarker assays will also be
coinpared with EPA triple-species tests conducted on duplicate sarples. o

_Coordination with other Programs/Compatibility with CALFED objectives: Both i}hases .qf o

" Ihe study will be coerdinatcd with Dr. Doroshov's (CD) efforis to culture and rear Delta smelf and
' white stutgeon (supported in part by IEP). Both phases will also be coordinated with ongoing cfforts

. by the UCD Aquatic Toxicology Lab (sponsored by CVRWQCB) to assay sites on the Satramento -
River and Déltn. The proposed study will directly support CALFED's efforts to monitor colrtarninant

: MM"ﬁaﬁfeﬁshmdvﬁﬂproﬁdeammsofmmﬁhasmﬁgfmadiaﬁmeﬂhm:
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